Nets still remain the central instrument in our plankton sampling toolbox. But at the present time, it is not uncommon to have computer-controlled underwater vehicles equipped with multiple nets or cod-ends that can be flown along precise trajectories while transmitting real-time environmental data and system telemetry to a surface ship (see Wiebe and Benfield, 2003) . In addition to nets, pumping systems bring water to the surface, where plankton from different depth strata can be filtered out. The most dramatic development in plankton survey technology has been the emergence of cameras capable of imaging the contents of defined and generally undisturbed volumes of water. These imaging systems provide nearly continuous records of fine-scale distributions of plankton from centimeter-to basinwide volumes.
Plankton-imaging systems pose new challenges to studies of aquatic biota.
In this paper we summarize the development of plankton-imaging systems, advances in extracting useful information from image data sets in a timely manner, and the most pressing issues that must be resolved to further advance this field of study.
Pl aNktoN-imagiNg systems
The development of plankton-imaging systems was not a simple response to the availability of compact cameras and associated electronic components. Their genesis reflects the influence of early attempts to accelerate processing of samples from plankton nets, the recognition that we needed instruments that could provide information on fine spatial and temporal scales, and interest in quantifying fragile marine aggregates.
Plankton-imaging-system development has been strongly influenced by the desire to reduce sample processing time. One thing that has not changed since the late 1800s is that the collection and enumeration of plankton samples remains a labor-intensive endeavor. The term plankton is used to include phytoplankton and zooplankton. While most of the current study on image classification has focused on mesozooplankton, the challenges involved are common to microzooplankton and phytoplankton.
raPid research on automated Plankton identification
This article has been published in Oceanography, Volume 20, Number 2, a quarterly journal of The oceanography society. Copyright 2007 by The oceanography society. all rights reserved. Permission is granted to copy this article for use in teaching and research. republication, systemmatic reproduction, or collective redistirbution of any portion of this article by photocopy machine, reposting, or other means is permitted only with the approval of The oceanography society. send all correspondence to: info@tos.org or Th e oceanography society, Po Box 1931 Box , rockville, md 20849-1931 Silhouette photography (Ortner et al., 1979) was the first attempt to create a permanent record of the contents of a plankton sample collected with a net in the form of a contact print on photographic emulsion. This print then could be examined, enumerated, and measured under a microscope or with a computeraided system that tracked the coordinates of a cursor based on the times of arrival of a sound pulse emitted by the cursor (Davis and Wiebe, 1985) . In addition to capturing silhouette images of plankton samples on photographic film, direct video imaging and digitization of plankton samples were developed together with early methods for automatic identification (Jeffries et al., 1980 (Jeffries et al., , 1984 Berman et al., 1990 ) and size-structure determination (Rolke and Lenz, 1984; Gorsky et al., 1989) . More recently, silhouette photography has been modified by incorporating flatbed scanners to digitize photographic silhouettes.
The resultant files can be enumerated, counted, and measured using a graphical user interface within a Matlab software package (Little and Copley, 2003) .
One of the first in situ imaging systems was a direct extension of laboratory silhouette photography. Ortner et al. (1981) placed a camera in the cod-end of a plankton net and imaged plankton as they passed through the field of view.
Still cameras were replaced with video cameras (Froese et al., 1990) , and later the net was eliminated entirely. The Video Plankton Recorder (VPR) developed by Davis et al. (1992a) (Davis et al., 2004) .
Over the past decade there has been a proliferation of in situ imaging systems (Figure 1) . Much of the focus has been on imaging mesoplankton (e.g., Gorsky et al., 2000a; Ashjian et al., 2001; Benfield et al., 2003; Davis et al., 2004; Remsen et al., 2004) and marine snow (e.g., Asper, 1987; Pilskaln et al., 1991 Pilskaln et al., , 1998 Pilskaln et al., , 2005 Gorsky et al., 1992; Diercks and Asper, 1997; Jackson et al., 1997; Gorsky et al., 2000b) ; however, there is increasing interest in quantifying nano-and microplankton particles (e.g., Sieracki et al., 1998; Olson and Sosik, in press; Sosik and Olson, in press) (Figure 2 Katz et al., 1999; Hobson and Watson, 1999; Nebrensky et al., 2002) ( Figure 3 ) and these may offer a means of imaging nano-to mesoplankton from larger volumes of water. Whether designed for small or large plankton, these instruments collect quantitative images of the contents of defined volumes of water, which provide unique figure 1. The number of in situ imaging systems is increasing rapidly. These are examples of some zooplankton and micronekton imaging systems (a-j) along with their corresponding (a-j) representative regions of interest (rois). Note that in most cases, the rois have been cropped from a larger image and have been resized to fit in the figure. None of the rois are to the same scale. a. Imaging systems excel at producing dis- ever, we are easily fatigued and prone to bias, both of which can introduce errors (Culverhouse et al., 2003) . The rate at which we can make correct identifications is eclipsed by the sheer number of images produced by scans of samples or in situ imaging collections. Whether images are produced from preserved plankton samples via silhouette photography or direct scanning, from a benchtop FlowCAM (Sieracki et al., 1998) or imaging flow cytometer, or from a towed camera system, obtaining useful, taxonomically explicit data from these images clearly requires an automated approach. Building upon advances made in machine vision, pattern recognition, and data mining, a number of research- Visual Plankton is specifically designed to work with the VPR system and is described in detail elsewhere (Davis et al., 2004 Davis, 2005, 2006) . It includes a user-friendly Graphical User Interface (GUI) that presents five main steps: (1) calibration, et al., 1980 Berman et al., 1990) and ONR (Tang et al., 1998; Davis et al., 1996) , and later by NSF (Davis et al., 2004 We recognize that a key to the success of RAPID will be long-term support of the software suite that is developed for, and accepted by, the community.
When the open-source user community becomes large enough, then this support will happen naturally in a shared way. However, it is likely that there will be a critical period of time during which some form of external funding will be necessary to ensure that the software is supported and continues to be refined. aCkNoWled gemeNts
